
Title of Invention ; 

METHOD OF JOINING STEEL MEMBERS, METHOD OF PROCESSING 
JOINED SURFACE OF STEEL MEMBER AND REINFORCING MEMBER 

Technical Field 

The present invention relates to a method of joining steel 
members, a method of processing the joined surface of a steel 
member and a reinforcing member. For example, the steel members 
are overlapped and clamped by a connecting member such as a bolt, 
a rivet, etc. , so that they can be firmly joined with the joined 
surfaces . 

Background Art 

In construction fields of a steel-frame structure such as a 
structure, a bridge, etc., to join large steel plates or steel 
frames or the like, the technique in which one side of them are 
mutually directly overlapped or a strap is put on it and clamping 
by a bolt or a rivet has been adopted. 

As the above, if the coefficient of friction on the joined 
surfaces between the materials of the structure such as steel 
plates or steel frames, or and a material that will be used to 
join them (hereinafter, these materials are referred to as steel 
members) is small, when the steel members are clamped in 
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temporary tightening or permanent tightening by a bolt or a rivet, 
there is a fear that the faces of the steel members are mutually 
shifted in the directions to shear the bolt because the dead load 
of the steel members are loaded on the joint of the steel 
members; thus the steel-frame structure cannot be constructed 
according to the specification of design. 

As to this point, in conventional cases, a method in which 
the steel members are previously left outside before assembling 
the steel -frame structure to make the joined surfaces of the 
steel members get rusty so that the coefficient of friction 
between the joined surfaces makes large has been adopted. If 
adopting this method, however, there is a problem that the 
assembly work of the steel-frame structure is further complicated. 

On the other hand, as methods to solve this problem, 
working tools to increase frictional force on a joined surface 
have been provided by the Japanese Patent Application numbers 
Hei6-171536 and Hei7-179291. 

Furthermore, in the steel-frame structure such as a 
structure or a bridge, for exair£>le, as shown in Fig. 1 of a 
steel-frame structure 1, plural vertical steel members 3 are 
provided at prescribed intervals between a pair of cross beam 
steel members 2A and 2B that are mutually in parallel as 
connecting them, and the both ends of the vertical steel member 3 
are fixed to the cross beam steel members 2A and 2B. And plural 
frame structure parts 4 are sequentially formed in array in the 
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direction extending the cross beam steel members 2A and 2B. 
Strut reinforcing members 5 are fixed to between the corners 
mutually opposite of each frame structure part 4. The strut 
reinforcing member 5 which functions as reinforcing means to the 
deforming of each frame structure part 4 has been used. 

The strut reinforcing member 5 is composed of brace members 
6 of which the both ends are fixed to the opposite corners of the 
frame structure part 4 , and a tension member 7 connected to 
between the brace members 6 that are mutually obliquely opposite. 
The tension members 7 pull the four corners of the frame 
structure part 4 inward. Therefore, for example, if an 
earthquake occurs and the cross beam steel members 2A and 2B and 
the vertical steel members 3 of the frame structure part 4 is 
about to oscillate in mutually shifting direction, this is 
prevented by the tensile force by the tension members 7. Thus, 
the quakeproof ability of the frame structure part 4 can be 
improved . 

By the way, if the above steel -frame structure 1 becomes in 
a massive scale, a load on the strut reinforcing member 5 when an 
earthquake was occurred becomes large. Therefore, the intensity 
of each part must be increased. More particularly, the brace 
member 6 to be fixed to the tension member 7 to the four corners 
of the frame structure part 4 is necessary to have a sufficient 
intensity. 

As shown in Fig. 2, the brace member 6 has a plate like 



steel member 8 (this is referred to as brace sheet) of which the 
outer edges 8A and 8B are fixed by welding to the cross beam 
steel members 2A or 2B and the vertical steel member 3 of the 
frame structure part 4, and a plate like connecting steel member 
9 (this is referred to as brace plate) 9 welded to the both ends 
of a tension member 7 that is a stick steel member for example. 
Two bolt holes 10A and 10B drilled in the brace sheet 8 and the 
brace plate 9 are clamped by bolts, so that the brace plate 9 is 
joined by pressure to the brace sheet 8. Here, the joint by 
pressure means a joint method in which a bolt is contacted to the 
inside surface of the bolt holes 10A and 10B and preventing the 
slipping between the brace plate 9 and the brace sheet 8. 

Thus, when an earthquake occurred, a load on the tension 
member 7 is propagated from the brace plate 9 to the brace sheet 

8 through a bolt passing through the bolt holes 10A and 10B. 

Then, practically, when a load is large, a method that at 
least two or more pieces of bolts are used to fix the brace plate 

9 to the brace sheet 8 and strongly unifying the brace plate 9 
and the brace sheet 8 by clamping power and an ti shear force by 
the above two or more pieces of bolts has been adopted. 

If adopting this method, however, the following phenomenon 
occurs. As shown in Fig. 3, the direction Dl that the bolt holes 
10A and 10B are aligned and the tensile direction D2 by the 
tension member 7 are not coincide, so that if the tension member 
7 is pulled to a direction different from the arranged direction 



Dl that the bolt holes are aligned, the brace plate 9 turns to a 
direction matching with the tensile direction D2 centering the 
bolt passing through the front bolt hole 10A. Thus, as shown in 
Fig. 4, the rear bolt hole 10B is deviated from a fixed position 
10B1 when the brace plate 9 was fixed to the brace sheet 8 in 
construction to a deviated position 10B2 deviated by the turn of 
the brace plate 9. 

At this time, since the brace plate 9 moves to the 
direction deviated from the brace sheet 8, a shearing force 
functions to the bolt passing through the rear bolt hole 10B by 
the edge of the bolt hole 10B on the brace plate 9, and the bolt 
is sheared or the shape of the edge of the bolt hole 10B is 
broken. Thus, the joined force of the brace plate 9 and the 
brace sheet 8 lowers. 

In this manner, according to the brace member 6 of Fig. 2, 
since the joined force of the brace plate 9 and the brace sheet 8 
lowers when an earthquake occurred, the function of the strut 
reinforcing members 5 to the frame structure part 4 is 
deteriorated; and thus, there is a fear that the quake-proof 
ability of the frame structure part 4 becomes weakened. 

Disclosure of Invention 

Considering the above points, the present invention 
provides a method of and an apparatus for joining steel members 
and a method of and an apparatus for processing a joined surface 
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to join the joined surfaces of* the steel members as firm as 
possible by a simple technique. 

Furthermore, the present invention provides a reinforcing 
member which can prevent the lowering of a function as a 
reinforcing member with a simple configuration. 

To obviate such problems according to the present invention, 
as describing below comparing with the embodiments, a rolling die 
46L(4 6R) in which a rolling edge 48B having one or plural 
concentric higher parts has been formed on a conical incline 4 8A 
is rolled around a connecting hole 21 already drilled or to be 
drilled later in the steel member 12 in the state where the 
conical incline 48A is contacted to the joined surface of the 
steel member 12 and pressed by prescribed constant pressure 
obtained by pressure setting means 42B, 58A to 54C and 57, so 
that a slip-proof surface 52 having a pair or plural pairs of 
concentric recessed and projected parts is formed around the 
connecting hole 21. 

Furthermore, according to the present invention, in a 
method of and an apparatus for joining steel members for mutually 
overlapping the joined surfaces of a first and a second steel 
members 12 and 2X and fixing by pressure welding the first and 
the second steel members 12 and 12X by a connecting member 
passing through connecting holes 21 drilled in the joined 
surfaces, and joining the first and the second steel members 12 
and 12X, with respect to the joined surfaces of the first and the 
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second steel members 12 and 12X, before fixing by the pressure 
welding, the conical incline 48A is pressure-welded to a position 
concentrical with the joining hole 21, by means of a rolling die 
4 6R(4 6L) forming a rolling edge 48B that has one or plural 
concentric higher parts 38A on a conical incline 48A, so that a 
first and a second slip-proof surfaces 52 and 52X which 
respectively have a pair of or plural pairs of concentric 
recessed and projected parts are respectively formed at the 
positions mutually shifted around the connecting holes 21 of the 
first and the second steel members 12 and 12X, and the first and 
the second steel members 12 and 12X are joined by mutually 
overlapping the first and the second slip-proof surfaces 52 and 
52X so as to engage so that the concentric recessed and projected 
parts of the first slip-proof surface 52 is fitted into the 
concentric recessed and projected parts of the second slip-proof 
surface 52X. 

Moreover, in a reinforcing member 80 having a junction 
member 82 at the both ends of a tension member 81 to join the 
above tension member 81 to a steel-frame structure 1 and 
supporting a tensile load from the steel -frame structure 1 by the 
tension member 81, the junction member 82 comprises a first plate 
like junction steel member which is to be fixed to the steel - 
frame structure 1, and a second plate like junction steel member 
83 which is to be fixed to the tension member 81, and a clamping 
member (85, 86) for clamping the first and the second junction 
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steel members 84 and 83 in the state where a first and a second 

through holes 84A and 83B respectively drilled so as to pass 

through the thickness of the first and the second junction steel 

members 84 and 83 are passed through. The first junction steel 

member 84 has a first slip-proof surface 84B which has 

concentrical recessed and projected parts on one side or both 

« 

sides, and the second junction steel member 83 has a second slip- 
proof surface 83C which has concentrical recessed and projected 
parts on one side of the first junction steel member 84. And the 
first and the second junction steel members 84 and 83 are joined 
in one body by overlapping and clamping them by the clamping 
member (85, 86) passing through the first and the second through 
holes 84A and 83B in the state where the recessed and projected 
parts of the first and the second slip-proof surfaces 84B and 83B 
are engaged as mutually fitting. 

As the junction member 82 of the reinforcing member 80, the 
slip-proof surfaces 84B and 83C which have the concentrical 
recessed and projected parts are formed on a surface that the 
first and the second junction steel members 84 and 83 are 
contacted, and they are joined by an in-raw system so as to be 
engaged as mutually fitting. Thereby, the first and the second 
junction steel members 84 and 83 can be joined by a joining force 
sufficiently large. 

According to the present invention, a slip-proof surface 
which has one or plural recessed and projected parts around a 
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connecting hole of steel members is formed on the joined surface 
of steel members on a conical incline by form-rolling the joined 
surface of the steel members by prescribed constant pressure 
obtained by pressure setting means by means of rolling dies 
forming a rolling edge that has one or plural concentric higher 
parts. Therefore, a joined surface having a slip-proof surface 
in which a difference by "misshaping" to each part of the 
concentric recessed and projected parts is small can be 
accompl i shed . 

Furthermore, since a slip-proof surface which has higher 
parts and grooves engaged so as to mutually fit is formed on a 
joined surface of steel members that mutually joined, when the 
steel members are mutually cramped by a joining member, the slip- 
proof surfaces are mutually fit. Thus, the steel members can be 
firmly joined. 

Moreover, as a joining member, a slip-proof surface having 
concentrical recessed and projected parts is formed on the 
surface to which a first and a second joined steel members will 
be contacted, and these are joined in the state as to be mutually 
fitted to be engaged by an in-raw system. Thereby, a reinforcing 
member which enables the first and the second joined steel 
members join in the state where a joint strength sufficiently 
large is kept can be accomplished. 

Brief Description of Drawings 
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Fig. 1 is a front view showing a conventional steel -frame 
structure. 

Fig. 2 is a front view showing a brace member 6 in Fig. 1. 

Fig. 3 is a front view explaining the problem of the brace 
member 6 of Fig. 2. 

Fig. 4 is a schematic diagram explaining the problem along 
with Fig. 3. 

Fig. 5 is a front view showing an embodiment of a joined 
surface processing apparatus. 

Fig. 6 is a plan view of the joined surface processing 
apparatus of Fig. 5. 

Fig. 7 is a plan view showing a steel member 12 to be 
processed. 

Fig. 8 is a front view showing a part of a tool 27 in Fig. 
5 as a section. 

Figs. 9(A) and 9(B) are side elevational views illustrating 
the detailed structure of a rolling die 46L(4 6R) in Fig. 8. 

Figs. 10(A) to 10(C) are schematic diagrams explaining a 
processing operation by the rolling die 46L(46R). 

Fig. 11 is a sectional view showing the joined state of a 
slip-proof surface on the steel member 12. 

Fig. 12 is a front view showing a part of a plural coiled 
spring type of a joined surface processing tool as a section. 

Fig. 13 is a schematic diagram illustrating the arrangement 
of coil springs in Fig. 12. 
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Fig, 14 is a front view showing a part of a belleville 
spring type of a joined surface processing tool as a section. 

Fig. 15 is a front view showing a part of a key groove type 
of a joined surface processing tool as a section. 

Figs. 16(A) to 16(C) are schematic diagrams explaining a 
processing operation to form a slip-proof surface 52 by the 
rolling die 4 6L(46R) . 

Figs. 17(A) to 17(C) are schematic diagrams explaining a 
processing operation to form a slip-proof surface 52X by a 
rolling die 46LX(46RX). 

Fig. 18 is a sectional view showing a joint of the slip- 
proof surfaces 52 and 52X by an in-raw system. 

Fig, 19 is a perspective view illustrating a frame 
structure assembled by joining steel plates. 

Fig. 20 is a fragmentary enlarged view explaining a joined 
part of the steel plates of Fig. 19. 

Figs. 21(A) to 21(C) are a plan view, a side view and a 
front view showing a joint method in which in a tie rod 60 , rod 
parts 60A and 60B are joined by washers 60E and 60F. 

Figs. 22(A) to 22(D) are sectional views and plan views 
explaining a joint method in which steel members 65A and 65B are 
joined by splice plates 66A and 66B. 

Figs. 23(A) to 23(E) are sectional views and plan views 
explaining a joint method in which steel members 70A and 70B 
different in thickness are joined by splice plates 71A and 72B. 
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Figs. 24(A) to 24(E) are sectional views and plan views 
explaining a joint method in which steel members 75A and 75B 
different in thickness are joined by splice plates 76A and 76B. 

Figs* 25(A) to 25(E) are schematic diagrams illustrating 
the projected shapes of slip-proof surfaces. 

Fig. 26 is a front view showing a steel-frame structure 
applying the reinforcing member according to the present 
invention. 

Fig. 27 is a plan view illustrating a brace member 82 in 
Fig. 26. 

Fig. 28 is a side sectional view of Fig. 27. 

Fig. 29 is a plan view illustrating a brace sheet 84 in Fig 

27. 

Fig. 30 is a plan view illustrating a brace plate 83 in Fig 

27. 

Fig. 31 is a sectional view explaining fitting by an in-raw 
system. 

Figs. 32(A) to 32(C) are schematic diagrams explaining a 
processing operation to form a slip-proof surface 84B on a brace 
sheet 84 by means of a rolling die 87L(87R). 

Figs. 33(A) to 33(C) are schematic diagrams explaining a 
processing operation to form a slip-proof surface 83C by means of 
a rolling die 87LX(87RX) . 

Figs. 34(A) and 34(B) are side elevational views 
illustrating the rolling dies 87L(87R) and 87LX(87RX) . 
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Fig. 35 is a sectional view showing a bolt 85 and a nut 86 
that are clamping members. 

Fig. 36 is a sectional view explaining a clamping member 
with no hollow part. 

Fig. 37 is a chart showing a slip test result. 

Figs. 38(A) and 38(B) are a plane view and a side 
elevational view illustrating the structure of* a subject for load 
test. 

Fig. 39 is a plan view showing a brace member 83 of" another 
embodiment . 

Fig. 40 is a plan view showing a brace sheet 84 in Fig. 39. 
Fig. 41 is a plan view showing a brace plate 83 in Fig. 39. 
Fig . 42 is a plan view -showing a brace sheet 84 of further 
embodiment. 

Fig. 43 is a plan view showing a brace plate 83 to be used 
along with the brace sheet 84 of Fig. 42. 

Fig. 44 is a side sectional view showing a brace member 82 
of further embodiment. 

Best Mode for Carrying Out the Invention 

An embodiment of the present invention will be described in 
detail with reference to the accompanying drawings. 
[1] First Embodiment 

(1) General Configuration of Joined Surface Processing Apparatus 
Referring to Figs. 5 and 6, 11 generally shows a joined 



13 



surface processing apparatus. A steel member 12 which is 
conveyed by an automatic conveyer line in a steel member 
processing factory is fed onto a working table 18 on a workbench 
17 in the feeding direction shown by an arrow "a" by a feed 
roller 15 driven by an electric motor for working automatic line 
14 and driven rollers 16 that are provided on an introducing 
bench 13, along guide members 13A. 

On the workbench 17, locator rollers 19 and locator rollers 
20 are provided before and after the working table 18 
respectively. As shown in Fig. 7 , the steel member 12 is 
positioned by means of guide members 17A on the position where 
the processing reference position POl of the steel member 12 (for 
example, the central position of a bolt hole 21 that functions as 
a connecting hole) agrees with the working reference position P02 
of the working table 18. Then, a joined surface processing tool 
27 mounted on a spindle device 26 in a processing mechanism part 
25 is rolled while performing pressure-welding to the steel 
member 12, and the steel member 12 is subjected to form rolling 
processing. In this case, the spindle device 26 rotationally 
drives an output shaft mounting the joined surface processing 
tool 27 by an electric motor, and performs pressure welding 
processing on the steel member 12 by a hydraulic device in the 
direction of the working table 18, and then rises for evacuation. 

Thus processed steel member 12 is sent out by a sending 
roller 32 driven by a motor 31 and driven rollers 33 that are 
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provided on a discharging bench 30 in the sending direction shown 
by an arrow "b" along guide members 30A. 

The processing mechanism part 25 is mounted on position 
adjusting rails 35. Thus, the processing mechanism part 25 
generally adjusts the position of the spindle device 26, i.e., 
the tool 27, in the feeding and sending direction of the steel 
member 12 (this is referred to as "x" direction) , and adjusts the 
position of the spindle device 26 in the direction that is 
orthogonally crossing the feeding and sending direction of the 
steel member 12 (this is referred to as "y" direction) by a 
position adjusting mechanism 36. 

Since the processing mechanism part 25 adjusts the position 
of the tool 27 in the "x« direction and the "y" direction when 
the steel member 12 being the object of joined surface processing 
is positioned on the working table 18, the position of the tool 
27 is adjusted to the central position of a bolt hole 21 that has 
been previously drilled in the steel member 12. 

(2) Joined Surface Processing Tool 

As shown in Fig. 8, the joined surface processing tool 27 
has a tool body 42 in which a fixture 41 to attach the tool 27 to 
the spindle device 26 is extended upward. 

In the tool body 42, a spring bearing shaft 42A, one coiled 
spring 42B and a cylindrical spring case 42C are sequentially put 
on on a rotational center axis P03 . Thus, when the fixture 41 
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projecting upward from the spring case 42C is depressed, a 
pressing force corresponding to the spring force of the coiled 
spring 42B is transmitted to the spring bearing shaft 42A. 

The bottom edge of the spring case 42C is extended to the 
position where is opposite to the outer circumferential surface 
of the spring bearing shaft 42A, and a pressure setting ring 42D 
is screwed on its outer circumferential surface. An engaged pawl 
42E is provided on the bottom inside edge of the pressure setting 
ring 42D, and this is freely rotatably engaged with a collar part 
42F provided on the bottom outer circumferential edge of the 
spring bearing shaft 42A. Thus, by screwing the pressure setting 
ring 42D on and compressing the coiled spring 42B, the coiled 
spring 42B can be set into a state showing a prescribed spring 
force. 

The spring bearing shaft 42A is connected to the upper end 
part of a tool supporting member 43 by a screw hole 42G provided 
on the bottom surface. And whether or not the pressure setting 
ring 42D is into the state to generate the prescribed spring 
force can be visually confirmed by a scale 43A that is put on the 
position corresponding to the bottom edge of the pressure setting 
ring 42D of the tool supporting member 43. 

In the case of this embodiment, an oblong hole 421 which 
extends on the berry part of the spring case 42C in the vertical 
direction is drilled, and a torque transmission pin 42J which is 
planted on the exterior surface of the spring bearing shaft 42A 
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is protrusively engaged in the oblong hole 421. Thus, if the 
spring case 42C is rotationally driven by the spindle device 26, 
the above rotational torque is transmitted to the spring bearing 
shaft 42A and the tool supporting member 43 via the oblong hole 
421 and the torque transmission pin 42 J. 

The tool supporting member 43 has a U-shaped section. A 
rolling die holder 44 is disposed between a pair of supporting 
plate parts 43A and 43B that are mutually opposite at the 
longitudinal positions and are extending downward. And the 
rolling die holder 44 is axially supported freely rotatably in a 
direction shown by an arrow "d" to rotary supporting shafts 45A 
and 45B that are provided to protrude inward in the longitudinal 
direction at the top ends of the supporting plate parts 43A and 
43B respectively. 

The tool supporting member 43 has a pair of rolling dies 
4 6L and 46R that roll at the symmetrical positions centering the 
rotational center axis P03 of the tool 27. The rolling dies 46L 
and 4 6R have the same configuration, and as shown in Fig. 9(A) , a 
conical trapezoid die head 48 is formed at the top end of a 
columned revolving shaft part 47 in one body. 

As shown in Fig. 9(B), on the conical incline 48A of the 
die head 48, a rolling edge 48B having an almost triangular waved 
section is concentrically formed centering a center axis P04 
along the conical incline 4 8A. 

The rolling die 46L(46R) is freely rotatably held by thrust 
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ball bearings 50A and radial ball bearings 50B in a bearing 
housing member 50 respectively, and the bearing housing member 50 
is attached to the rolling die holder 44 by attaching screws 51. 
Thus, if the surface of the steel member 12 is not inclined, the 
rolling die 46L(46R) is held by the rolling die holder 44 in the 
state where the conical incline 48A is contacted to a reference 
plane FO that is orthogonally crossing the rotational center axis 
P03 and in the state where the center axis P04 is inclined to the 
reference plane FO by an attaching angle 0 . 

In this connection, in form rolling operation, for example, 
several tons of pressing force is given to the thrust ball 
bearings 50A, however, as a condition to stably receive such 
large pressing force by the contacted surface to the conical 
incline 48A of the steel member 12, preferably the attaching 
angle 0 is selected to 0 ^40° . 

As shown in Fig. 10(A), in a form rolling work, in the 
state of being held by the rolling die holder 44 as the above, 
the conical incline 48A of the rolling die 4 6L(46R) is pressed 
against the surface of the steel member 12. In this state, the 
tool 27 is rotated, and the higher parts of the rolling edge 4 8B 
formed on the conical incline 48A are rolled while biting the 
surface of the steel member 12. Thus, as shown in Figs. 10(B) 
and 10(C), the rolling edge 48B subjects plastic working to the 
surface of the steel member 12, and forming concentric recessed 
and projected parts having the same shape as the surface of the 
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rolling edge 4 8B and the almost triangular waved section- as a 
slip-proof surface 52. 

In the case of this embodiment, the rolling edge 48B has 
four higher parts in an isosceles triangle and one higher part in 
a half of isosceles triangle: it is formed by edge parts 48C 
having such higher part, and as shown in Fig. 10 (A) , an apex 
angle a of the higher part of each edge part 48C is selected to 
a = 60° to 170° . 

According to the test, as shown in Figs. 10(B) and 10(C), 
if the apex angle a is selected to 60° to 170° , recessed and 
projected parts having a practically sufficiently large intensity 
can be formed on the surface of the steel member 12 as a slip- 
proof surface 52. On the contrary, if the apex angle a is 
selected to 60° or less, the intensity of the recessed and 
projected parts shows a tendency to lower, and if it is selected 
to 170° or more, a tendency to increase the difficulty of the 
processing work of a slip-proof surface 52 is shown. 

(3) Operation to Process Joined Surface and Effects 

In the above structure, if the steel member 12 is fed from 
the introducing bench 13 onto the workbench 17 and the processing 
reference position POl of the bolt hole 21 that becomes a 
connecting hole in the steel member 12 is located at the position 
where coincides with the working reference position P02 on the 
working table 18, the spindle device 26 of the processing 
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mechanism part 25 performs position adjusting operation to the 
tool 27 in the "x" and the "y" directions. Thus, the rotational 
center axis P03 coincides with the processing reference position 
POl of the bolt hole 21. 

In this state, the spindle device 26 of the processing 
mechanism part 25 makes the rolling die 4 6L(4 6R) of the tool 27 
down by a hydraulic pump while turning a main shaft by an 
electric motor, and making it press against the surface of the 
steel member 12 . 

Since the rolling die 4 6L(4 6R) is fixed to the rolling die 
holder 44 symmetrically to the rotational center axis P03 of the 
tool 27 at a fixing angle 0 , the higher part of the rolling edge 
48B formed on the conical incline 4 8A rolls on the surface of the 
steel member 12 and cut into the surface of the steel member 12, 
and form rolling processing is performed. 

Thus, a slip-proof surface 52 which has recessed and 
projected parts (in this embodiment, as shown in Fig. 10(C), they 
have almost triangular concentric waved sections, and they have 
grooves 52B between plural higher parts 52A) , they are decided 
depending on the shape of the rolling edge 48B formed on the 
conical incline 48A (in this embodiment, having almost triangular 
waved sections) , are formed around the bolt hole 21 in the steel 
member 12 . 

In this manner, since the diameter of the higher parts of 
the edge parts 48C on the conical incline 48A becomes larger from 
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inside to outside, when the tool 27 makes one revolution 
centering the rotational center axis P03, a difference by 
"misshaping" that is given by the inside and the outside edge 
parts 48C on the slip-proof surface 52 can make to be practically 
sufficiently small, and thus, plastic working can be performed on 
the concentric recessed and projected parts on the slip-proof 
surface 52 with even accuracy and large intensity. 

For instance, if plural edge parts 48C are formed on the 
cylindrical surface of a cylindrical die head in place of the 
conical incline 48A to form plural concentric recessed and 
projected parts, the recessed and projected parts are cut by the 
edge parts that have same radius of curvature: in the above- 
mentioned case, the radius of curvature of the inside and the 
outside concentric recessed and projected parts is mutually 
different. Therefore, a difference by "misshaping" by the 
corresponding edge parts to the inside and the outside concentric 
recessed and projected parts becomes large. 

According to the aforementioned embodiment, by applying the 
conical incline 48A, the change of the radius of curvature of the 
edge parts aligned from inside to outside can be adopted to the 
change of the radius of curvature of the corresponding concentric 
recessed and projected parts. Thus, a difference by "misshaping" 
by the inside and the outside edge parts can make to be small . 

The depth of this recessed and projected parts of the slip- 
proof surface 52 becomes deeper by making plural rotations (about 
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20 to 30 rotations) the rolling edge 4 8B by the tool 27 and 
repeating rolling work by the rolling edge 48B. 

In this manner, if the slip-proof surface 52 is finished to 
be processed around the bolt hole 21 in the steel member 12 by 
the rolling work by the rolling dies 46L(46R) , the spindle device 
26 raises the tool 27, and the above processed steel member 12 is 
put out to the outside via the discharging bench 30 . 

In the above rolling work, if the surface of the steel 
member 12 is inclined without coinciding with the reference plane 
FO of the conical incline 48A on the rolling die 4 6L(4 6R) , 
rotation adjusting operation is performed centering the rotary 
supporting shaft 45A(45B) so that the rolling die holder 44 moves 
along the surface of the steel member 12, and the inclination of 
the conical incline 4 8A is coincided with the inclination of the 
surface of the steel member 12. Thereby, a pressing force given 
from the spindle device 26 to the tool 27 will be almost equally 
given to each edge part 48C of the rolling edge 48B. So that the 
slip-proof surface 52 has almost even recessed and projected 
parts over the entire surface. Thus, rolling processing of the 
slip-proof surface 52 can be performed evenly. 

In such rolling work, a pressing force by the conical 
incline 48A of the rolling die 4 6L(46R) to the surface of the 
steel member 12 can be confirmed by eyes by the pressure setting 
ring 42D and the scale 43A that are provided in the tool body 42, 
and it can be held to a fixed value that will be decided by the 
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spring force of the coiled spring 42B. Thereby, the form rolling 
of the higher parts 52A and the grooves 52B that form the slip- 
proof surface 52 cut on the surface of the steel member 12 can be 
performed with high and stable accuracy. 

(4) Joint of Steel Members 

As shown in Fig. 11, the steel member 12 on which the slip- 
proof surface 52 is formed by the tool 27 in the above manner 
described with reference to Figs. 10(A) to 10(C), is clamped by a 
connecting member such as a bolt or a rivet that passes through 
the bolt hole 21 in the state where the higher parts 52A of the 
slip-proof surface 52 is contacted to the connecting surface of 
the steel member 12 to be joined. Ahd the higher parts 52A of 
the slip-proof surface 52 are cut into the surface of the steel 
member 12 to be joined. It increases a frictional force, and 
slipping on the connecting surface of the steel member 12 can be 
restrained to a small value. 

At the time of this joint work, other than the case where a 
steel member which does not have the slip-proof surface is used 
as the steel member 12 to be joined as shown in Fig. 11, a steel 
member also on which a slip-proof surface similar to the slip- 
proof surface 52 or another slip-proof surface is formed on the 
joined surface may be used. Also in this manner, similar effects 
can be obtained. 
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(5) Other Embodiments of Joined Surface Processing Tool 

The following configurations can be applied as joined 
surface processing tools 27 other than that described above with 
reference to Figs, 8 and 9(A) and 9(B). 

(5-1) Plural Coiled Spring Type of Joined Surface Processing Tool 

Figs. 12 and 13 show a plural coiled-spring type of a 
joined surface processing tool 27. In this case, as shown in Fig. 
12 in which the same reference numerals are added to 
corresponding parts in Fig. 8, in the tool 27, a tool body 42 has 
three coiled springs 53A to 53C as pressure setting members. 

In this case, coiled-spring guide shafts 54A to 54C are 
planted upward at the positions on a spring bearing shaft 42A at 
regular angular intervals in the direction along a rotational 
center axis P03. And the coiled springs 54A to 54C disposed so 
as to be guided by these coiled-spring guide shafts 54A to 54C 
transmit a pressing force given to a spring case 42C to the 
spring bearing shaft 42A. 

In the above configuration, the pressing force transmitted 
to the spring case 42C from a spindle device 2 6 via a fixture 41 
is transmitted to the spring bearing shaft 42A via the three 
coiled springs 54A to 54C. Thus, a pair of rolling dies 46L and 
46R are pressed to the steel member 12 by the pressure 
corresponding to the spring force of the coiled springs 52A to 
52C. 

As a result, on the steel member 12, a slip-proof surface 
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52 which is concentric recessed and projected parts having an 
almost triangular waved section, cut around a bolt hole 21 by the 
rolling edges 4 8C of rolling dies 4 6L and 4 6R is formed similarly 
to the above case described with reference to Figs. 10(A) to 
10(C) . 

According to the configuration of Fig. 12, the pressing 
force given by the spring case 42C can be shared by the three 
coiled springs 52A to 52C. Thus, each coiled spring 53A to 53C 
can be miniaturized; and a tool 27 which can further simplify to 
manufacture and adjust coiled springs can be accomplished. 
(5-2) Belleville Spring Type of Joined Surface Processing Tool 

Fig. 14 shows a belleville spring type of a joined surface 
processing tool 27. As shown in Fig. 14 in which the same 
reference numerals are added to corresponding parts in Fig. 8, 
the tool 27 has a fixture 41 having a U-shaped section. 

The fixture 41 has a horizontal plate part 55B which has a 
center hole 55A passing through in the vertical direction, at the 
central part. A pair of supporting plate parts 55C and 55D 
extend downward almost in parallel from its front and rear ends. 
Rotary supporting shafts 4 5A and 45B projecting forward and 
backward from a rolling die holder 44 are passed through and held 
by supporting holes 55E and 55F that are oblong holes in the 
vertical direction respectively provided at its bottom end. 

In the case of this embodiment, a member corresponding to 
the tool supporting member 43 in Fig. 8 is not provided. A guide 
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44A is planted on the top surface of the rolling die holder 44 
along the rotational center axis P03, and its top end part is 
directly projected in the center hole 55A of a fixture 41 . At 
the same time, a belleville spring 44B is housed and supported in 
a space between the top surface of the rolling die holder 44 and 
the bottom surface of the horizontal plate part 55B around the 
guide 4 4A. 

In the above configuration, when the tool 27 is not pressed 
against the steel member 12, the belleville spring 44B presses 
and expands a distance between the top surface of the rolling die 
holder 44 and the bottom surface of the horizontal plate part 55B 
of the fixture 41 by its spring force. At this time, the rolling 
die holder 44 becomes into the state where the rotary supporting 
shafts 45A and 4 SB contact to the bottom surfaces of the 
supporting holes 55E and 55F of the supporting plate parts 55C 
and 55D. 

In this state, if the tool 27 is pressed against the 
surface of the steel member 12 by the spindle device 26, the 
pressing force is given to the belleville spring 44B from the 
horizontal plate part 55B of the fixture 41. Thus, the 
belleville spring 44B performs compressing operation, and the 
rotary supporting shafts 45A and 45B of the rolling die holder 44 
are detached from the bottom surfaces of the supporting holes 55E 
and 55F and loosely moved. Thereby, the pressing force given to 
the fixture 41 is applied to the rolling die holder 44, i.e., the 
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conical inclines 4 8A of the rolling dies 4 6L and 4 6R as a 
pressing force that corresponds to the spring force set to the 
belleville spring 44B. 

According to the above configuration, a slip-proof surface 
52 having an almost triangular waved section will be formed by- 
form rolling around the bolt hole 21 on the surface of the steel 
member 12 by the rolling dies 4 6L and 46R similarly to the above 
manner described with reference to Figs. 10(A) to 10(C). 

By applying the belleville spring 44B as a pressure setting 
element, a tool 27 which when the spindle device 26 is moved down 
and the rolling dies 4 6L and 4 6R are contacted to the steel 
member 12 , form rolling operation can be started to the steel 
member 12 without giving a large shock (because shock by 
contacting is absorbed by compressing operation by the belleville 
spring) can be accomplished. 

(5-3) Key Groove Type of Joined Surface Processing Tool 

Fig. 15 shows a key groove type of a joined surface 
processing tool 27. In this case, as shown in Fig. 15 in which 
the same reference numerals are added to corresponding parts in 
Fig. 8, the tool 27 is a tool that in the tool 27 of Fig. 8, the 
rotational torque transmission means composed of the oblong hole 
421 and the torque transmission pin 42 J engaged with this is 
replaced to another configuration. 

Specifically, a spring bearing shaft 42A has a ring part 
42K which extends upward along the outer circumferential surface 
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of a coiled spring 42B on its top outer circumferential part, and 
a key groove 42L is formed in the vertical direction at the 
position at the prescribed angle on the outer circumferential 
surface of the ring part 42K. In the key groove 42L, a locking 
screw 42M which is screwed from the outside into a screw hole 
provided so as to pass through the thickness of the spring case 
42C is projected and engaged. 

According to the above configuration, since the locking 
screw 42M is engaged with the key groove 42L when the spring case 
42C is rotationally driven, the rotational torque given to the 
spring case 42C is transmitted to the spring bearing shaft 42A 
via the locking screw 42M and the key groove 42L. Thus, the 
locking screw 42M and the key groove 42L form rotational torque 
transmission means. 

In this case, if a screwed amount of the pressure setting 
ring 42D to the spring case 42C is changed and a relative 
position of the spring case 42C to the spring bearing shaft 42A 
is changed, the engaged position of the locking screw 42M with 
the key groove 42L is shifted in the vertical direction, so that 
adjustment by the above pressure setting ring 42D is permitted. 

According to the above configuration, a tool having similar 
effects to the tool 27 having the configuration of Fig. 8 can be 
accompl i shed . 

(6) Joint by In-Raw System 
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(6-1) Figs. 16 and 17 show a method of joining steel members by 
an in-raw system. Form rolling processing shown in Figs, 16(A) 
to 16(C) (in a similar manner to the processing described above 
with reference to Figs. 10(A) to 10(C)) can be performed using 
the tools described above with reference to Figs. 8, 12, 14 and 
15 as rolling dies 46L and 46R, and obtaining a first steel 
member 12 on which a slip-proof surface 52 having an almost 
triangular waved section has cut. 

Additionally, in the case of this joining method, as shown 
in Fig. 17(A), form rolling is performed on a second steel member 
12X using rolling dies 4 6LX and 4 6RX that the higher parts and 
recessed parts having the almost triangular waved sections on the 
conical incline 48A are replaced. Thus, as shown in Figs. 17(B) 
and 17 (C) , a second steel member 12X on which a slip-proof 
surface 52X in which the positions of higher parts 52A and groove 
parts 52B are inverted to the first steel member 12 (Figs. 16(B) 
and 16(C)) as going outward in the width direction has cut 
centering the bolt hole 21 can be obtained. 

In this manner, as shown in Fig. 18, the first steel member 
12 subjected to the form rolling by the tool 27 that has the 
first rolling dies 4 6L and 4 6R and the second steel member 12X 
obtained by the form rolling by the tool 27 that has the second 
rolling dies 46LX and 4 6RX have the recessed and projected forms 
that are engaged so that the higher parts 52A and the grooves 52B 
are mutually fitted. Accordingly, if the first and the second 
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steel members 12 and 12X are clamped by a bolt so that the slip- 
proof surfaces 52 and 52X are mutually opposite centering the 
bolt hole 21, they can be joined in the state where the higher 
parts 52A of the slip-proof surface 52 on one steel member 12 are 
just fitted into the grooves 52B of the slip-proof surface 52X on 
the other second steel member 12X and also the higher parts 52A 
of the slip-proof surface 52X on the other second steel member 
12X are just fitted into the grooves 52B of the slip-proof 
surface 52 on the above one steel member 12 (this joining method 
is referred to as joining method by the in-raw system) . 

As the above, when the two steel members 12 and 12X are 
joined, if they are joined by the in-raw system that with respect 
to the slip-proof surfaces on each steel member, the higher parts 
(or grooves) on one steel member are engaged with the grooves (or 
higher parts) on the other steel member so as to just fit, 
deviation on the joined surface of the two steel members can be 
sufficiently prevented. Therefore, firm joining of the steel 
members can be realized. 

(6-2) As a concrete example of joining by the in-raw system, as 
shown in Fig. 19, two pieces of steel plates 57A and 57B which 
extend in the horizontal direction and disposed almost in 
parallel at the vertical positions are joined by two pieces of 
steel plates 57R and 57L that are disposed in the vertical 
direction at the both ends and mutually almost in parallel, and 
assembling a square frame structure. In this case, when the ends 
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of two pieces of steel plates mutually overlapped at the four 
corners are joined by cramping by a bolt passing through two bolt 
holes 58A and 58B that have drilled in the steel plates so as to 
penetrate the thickness, a slip-proof surface 52 or 52X shown in 
Fig. 20 is cut onto the joined surface of the two pieces of steel 
plates, and then the two pieces of steel plates are clamped by 
the bolt passing through the bolt holes 58A and 58B in the state 
where the above slip-proof surfaces 52 and 52X are mutually 
engaged by the in-raw system so as to fit. 

At this time, since the slip-proof surfaces 52 and 52X that 
have the recessed and projected parts having the almost 
triangular concentric waved section around the bolt holes 58A and 
58B are clamped as fitting, if the two pieces of steel members 
are about to be mutually shifted on the joined surfaces, the 
function that shifting of the two steel plates is prevented since 
the higher parts 52A of each slip-proof surface 52 and 52X are 
engaged with the grooves 52B of the other as fitting can be 
obtained. 

This force to prevent face shifting functions in the all 
directions of the width direction from the bolt holes 58A or 58B 
since the slip-proof surfaces 52 and 52X are formed by the 
concentric recessed and projected parts having the higher parts 
52A and the grooves 52B. Accordingly, in the frame structure of 
Fig. 19, also in the case where a force to shift in the 
horizontal direction functions to the frame structure as shown by 
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an arrow "e" and the case where a vertical force functions to the 
frame structure as shown by an arrow "f", the motion that the two 
pieces of steel plates shift can be prevented owing to the slip- 
proof surfaces 52 and 52X that are engaged as mutually fitting by 
the in-raw system. 

Thus, giving a shearing force to the bolt passing through 
the bolt holes 58A and 58B can be prevented, so that a frame 
structure in which steel plates are firmly joined as a whole can 
be constructed. 

(6-3) Figs. 21(A) to 21(C) show a joining method by a tie rod 60. 

The tie rod 60 is parts in which two pieces of rods being 
rods of steel member will be joined so that it can be used as one 
piece of rod. Plate parts 60C and 60D are respectively formed at 
the top of rod parts 60A and 60B. In the state where the 
surfaces of the above plate parts 60C and 60D are sandwiched in 
by two pieces of washers 60E and 60F, the both ends of the 
washers 60E and 60F are clamped by a bolt 60G and a nut 60H and a 
bolt 601 and a nut 60J, to mutually join the plate parts 60C and 
60D. 

In this manner, the two pieces of rod parts 60A and 6 OB are 
mutually joined via the washers 60E and 60F, and it can be used 
as one piece of rod as a whole. 

In case of this joining method, on the both sides of the 
plate parts 60C and 60D, a slip-proof surface 52 has cut around 
bolt holes 60K and 60L similarly to the slip-proof surface 52 
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described above with reference to Figs. 16(A) to 16(C). On the 
other hand, on the inner surfaces of the two pieces of washers 
60E and 60F, slip-proof surfaces 52X having a structure engaged 
with the slip-proof surface 52 has cut around the bolt holes 60K 
and 60L that correspond to the bolts 60G and 601 in a similar 
manner to the above described with reference to Figs. 17(A) to 
17 (C) . 

In the configuration of Figs. 21(A) to 21(C), the tie rod 
60 is clamped by the bolts 60G and 601 in the state where the 
slip-proof surface 52X respectively formed on the inside surfaces 
of the washers 60E and 60F are engaged with the slip-proof 
surfaces 52 formed on the both sides of the plate parts 60C and 
60D formed at the top end of the rod parts 60A and 60B as fitting 
by the in- raw system. 

In this state, if the rod parts 60A and 60B are pulled in 
the directions shown by arrows "g" (Fig. 21(B)), the higher parts 
52A and the grooves 52B of the slip-proof surfaces 52 and 52X are 
mutually engaged, and face shifting of the plate parts 60C and 
60D to the washers 60E and 60F can be prevented. Thus, fear of 
shearing of the bolts 60G and 601 can be further reduced. 
(6-4) Figs. 22(A) to 22(D) show a joining method of joining steel 
members having almost the same thickness by splice plates. As 
shown in Fig. 22(A), in the state where two steel members 65A and 
65B of which the thickness are almost equal are mutually butted, 
splice plates 66A and 66B being a pair of joining members are 
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overlapped in sandwich on the butt ends of the steel members 65A 
and 65B, and they are joined by a bolt 67A and a nut 67B and a 
bolt 68A and a nut 68B respectively. 

In this case, as shown in Fig, 22 (B) , a slip-proof surface 
52 described above with reference to Figs. 16(A) to 16(C) has cut 
around bolt holes 65C and 65D on the both sides of the steel 
members 65A and 65B, on the other hand, as shown in Fig. 22(C), a 
slip-proof surface 52X described above with reference to Figs. 
17(A) to 17(C) has cut around bolt holes 66C and 66D on the 
inside surfaces of the splice plates 66A and 66B as recessed and 
projected parts that can be fitted into the slip-proof surface 52 
by the in-raw system. 

Thus, as shown in Fig. 22 (D) , if the butt ends of the steel 
members 65A and 65B are clamped by the bolts 67A and 68A by means 
of the splice plates 66A and 66B, on the joined surfaces of the 
steel member 65A and the splice plates 66A and 66B and the steel 
member 65B and the splice plates 66A and 66B, the friction- 
processed surfaces 52 and 52X are mutually fitted by the in-raw 
system. 

According to the above configuration, if the steel members 
65A and 65B mutually butted are pulled in the direction mutually 
separating or pressed in the direction mutually shifting aside, 
since the higher parts 52A and the grooves 52B of the slip-proof 
surfaces 52 and 52X are mutually engaged, stress to the above 
tensile force and pressing force is generated. Therefore, the 
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fear that the steel members 65A and 65B are separated or shifted 
can be effectively prevented. 

Thus, the steel members 65A and 65B can be firmly joined by 
the splice plates 66A and 66B. 

(6-5) Figs. 23(A) to 23(E) show a joining method of joining steel 
members having different thickness by splice plates. In this 
case, as shown in Fig. 23(A), in the state where two steel 
members 70A and 70B having different thickness are mutually 
butted and splice plates 71A and 71B being two pieces of joining 
members are sandwiched, steel plates 70A and 70B are respectively 
clamped by a bolt 72A and a nut 72B and a bolt 73A and a nut 73B. 

In this case, as shown in Fig. 23(B), on the both ends of 
the butt ends of the steel members 70A and 70B, a slip-proof 
surface 52 has cut around bolt holes 70C and 70D in a similar 
manner to the above described with reference to Figs. 16(A) to 
16(C) . 

On the inside surface of the underside splice plate 7 IB, as 
shown in Fig. 23(C), the both faces which contact to the thick 
steel member 70A and the thin steel member 70B are formed in flat 
and in the same height. On the above flat inside surface, a 
slip-proof surface 52X has cut around bolt holes 71C and 71D that 
correspond to the bolts 72A and 73A similarly to the above 
described with reference to Figs. 17(A) to 17(C). 

On the other hand, on the inside surface of the upside 
splice plate 71A, as shown in Fig. 23(D), a low inside surface 
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part 71E which contacts to the thick steel member 70A and a high 
second inside surface part 71F which contacts to the butt end of 
the thin steel member 7 OB are formed, 

A slip-proof surface 52X is formed around a bolt hole 71G 
in the first low inside surface part 7 IE that corresponds to the 
bolt 72A similarly to the above described with reference to Figs. 
17 (A) to 17 (C) , and also a slip-proof surface 52X has cut around 
a bolt hole 71H in the second high inside surface part 71F that 
corresponds to the bolt 73A similarly to the above described with 
reference to Figs. 17(A) to 17(C). 

Thus, the thick steel member 70A is put in the state where 
its both sides are leaving no space between the flat plane of the 
splice plate 71B and the first low inside surface part 71E of the 
splice plate 71A. And the thin steel member 70B is put in the 
state where its both sides are leaving no space between the flat 
plane of the splice plate 7 IB and the second high inside surface 
part 71F of the splice plate 71A. 

As a result, by clamping the butt ends of the two steel 
members 70A and 70B that are different in thickness by the bolts 
72A and 73A via the two pieces of splice plates 71A and 7 IB, as 
shown in Fig. 23(E), the slip-proof surfaces 52 and 52X formed 
around the bolt holes of the bolts 72A and 73A can be joined as 
mutually fitted by the in-raw system. Thus, if the steel members 
70A and 70B are pulled in the direction mutually separating or 
pressed in the direction to shift aside, the higher parts 52A and 
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the grooves 52B of" the above slip-proof surfaces 52 and 52X are 
mutually engaged, and large stress is generated to the above 
tensile force or a pressing force in the shifting direction. 

In this manner, the two steel members 7 OA and 70B different 
in thickness can prevent the occurrence of phenomena to mutually 
separate or shift aside to the tensile force or the force to 
shift aside by the engagement of the slip-proof surfaces 52 and 
52X. Therefore, the two steel members 70A and 70B that are 
different in thickness can be firmly joined by the two pieces of 
splice plates 71A and 7 IB. 

When cutting the slip-proof surfaces 52 and 52X on the 
steel members 70A and 70B and the splice plates 71A and 7 IB, by 
using the joined surface processing tools 27 described above with 
reference to Figs. 8, 12, 14 and 15, the processing of the slip- 
proof surface 52X can be easily conducted onto narrow areas 
around bolt holes on the first and the second inside surface 
parts 71E and 71F of the splice plate 71A that have different 
heights to correspond to the difference in thickness of the steel 
members 70A and 70B, and the flat plane of the splice plate 71B 
respectively . 

(6-6) Figs. 24(A) to 24(E) show a joining method when steel 
members different in thickness are joined by splice plates. As 
shown in Fig. 24(A), splice plates 76A and 76B as two pieces of 
joining members are overlapped in sandwich on a thick steel 
member 75A and a thin steel member 75B, and they are clamped by a 
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bolt 77A and a nut 77B and a bolt 78A and a nut 78B. 

In this case, on the both sides of the butt ends of the 
thick steel member 75A and the thin steel member 75B, as shown in 
Fig. 24(B), a slip-proof surface 52 has cut around the bolt holes 
75C and 75D of the bolts 77A and 78A similarly to the above 
described with reference to Figs. 16(A) to 16(C). 

On the inside surface of the underside splice plate 76B, as 
shown in Fig. 24(C), a first low inside surface part 76C which 
contacts to the thick steel member 75A and a second high inside 
surface part 76D which contacts to the thin steel member 75B are 
formed . 

In the low inside surface part 7 6C and the high inside 
surface part 76D, a slip-proof surface 52X has cut around the 
bolt hole 76E of the bolt 77A and the bolt hole 76F of the bolt 
78A respectively, similarly to the above described with reference 
to Figs. 17(A) to 17(C). 

Similar to that, on the upside splice plate 76A, as shown 
in Fig. 24(D), a first low inside surface part 76G which contacts 
to the thick steel member 75A and a high inside surface part 7 6H 
which contacts to the thin steel member 75B are formed. 

In the low inside surface part 76G and the high part 76H, 
slip-proof surfaces 52X have cut around the bolt hole 761 of the 
bolt 78A and the bolt hole 76J of the bolt 78B similarly to the 
above described with reference to Figs. 17(A) to 17(C). 

Therefore, the inside surface parts 76C and 76G at which 
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the splice plates 7 6A and 76B are low can be contacted to the 
thick steel member 75A with no space, and the inside surface 
parts 76D and 76H at which the splice plates 76A and 76B are high 
can be contacted to the thin steel member 75B with no space. 

Thus, as shown in Fig. 24(E), the slip-proof surface 52X 
formed on the low inside surface parts 76C and 76G is engaged 
with the slip-proof surface 52 formed on the both sides of the 
thick steel member 75A so as to fit by the in-raw system, and at 
the same time, the slip-proof surface 52X formed on the high 
inside surface parts 76D and 76H is engaged with the slip-proof 
surface 52 formed on the both sides of the thin steel member 75B 
as fitting by the in-raw system. , 

According to the above configuration, if the two steel 
members 75A and 75B which are different in thickness are pulled 
in the separating direction or pressed in the direction to 
mutually shift aside, the higher parts and the grooves of the 
slip-proof surfaces 52 and 52X are mutually engaged, and large 
stress is generated to the above tensile force or pressing force. 

As a result, the two steel members 75A and 75B are firmly 
joined by the two pieces of splice plates 76A and 76B. 

In this connection, as a method of joining two steel 
members having a different thickness in sandwich, heretofore, 
when there is a space of 1 [mm] or more, it has been applied that 
after the processing to cut the steel member having a thickness 
for the space the above processed surface is brought to be rusty 
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and then they are joined, or an iron plate for the space is newly 
put in and then they are joined. According to the embodiments of 
Figs. 24(A) to 24(E) (it is similar also in case of Figs. 23(A) 
to 23(E)) , the two steel members having different thickness can 
be firmly joined without such troublesome processing only by 
performing the simple form rolling processing on the face parts 
of splice plates having a difference in level by means of the 
joined surface processing tool 27 described above with reference 
to Figs. 8, 12, 14 and 15. 

(7) Other Embodiments 

(7-1) In the above embodiment , it has dealt with the case where 
the slip-proof surfaces 52 and 52X are formed on steel members in 
which a bolt hole has previously drilled. In place of this, 
however, the same effect as the aforementioned embodiment can be 
obtained if the form rolling processing of the slip-proof 
surfaces 52 and 52X is performed around the predetermined 
positions to drill a bolt hole in a steel member having no bolt 
hole, and then the bolt hole is drilled or the bolt hole is 
drilled at the same time as the form rolling processing of the 
slip-proof surfaces 52 and 52X. 

(7-2) In the aforementioned embodiment, it has dealt with the 
case where bolts are applied as members to join steel members. 
However, the present invention is not only limited to this but 
also similarly can be applied to the case where other joining 
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members such as rivets or the like are used as joining members . 
(7-3) In the aforementioned embodiment, it has dealt with the 
case where the attaching angle 0 of the rolling die 4 6L(4 6R) 
(Fig. 8) is set to 0=40° as a suitable condition when a ball 
bearing is used. However, the attaching angle 0 is not only 
limited to this but also various angles can be selected. 

In this connection, when the attaching angle 0 is 0=40° , 
form rolling processing with less "misshaping" can be practically 
performed with respect to the entire conical inclines 48A and 48B. 
On the other hand, if it becomes 6 =0° , "misshaping" at an 
external diameter part tends to become large. If 0 becomes 
larger than 45° , the breadth of the joined surface processing 
tool 27 can be reduced. 

(7-4) In the aforementioned case, it has dealt with the case 
where the spindle device 26 in which the tool 27 is moved up and 
down via the tool body 42 having the pressure setting means by 
connecting the output shaft of the hydraulic pump to the up/down 

mechanism is applied as a processing mechanism part 25. However, 
the same effect as the above embodiment can be obtained also if 
the output shaft of an electric motor is connected to the up/down 

mechanism part via a gear mechanism. 

In this case, a driving source having a simple structure 

and the structure of an electric motor in which the down 

viscosity is lower than the hydraulic pump can be applied. 

Thereby, a joined surface processing apparatus 11 can be 
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remarkably miniaturized and reduced in weight. Thus, a portable 
joined surface processing apparatus 11 which can perform 
processing to a steel member 12 at a construction site other than 
plants can be accomplished. 

(7-5) In the aforementioned embodiment, it has dealt with the 
case where coil springs and belleville springs are applied as the 
pressure setting means. However, the same effect as the above 
embodiment can be obtained also if a hydraulic adjustment 
mechanism or a pneumatic adjustment mechanism is applied in place 
of that. 

(7-6) In the aforementioned embodiment, it has dealt with the 
case where plural concentric recessed and projected parts are 
formed as the slip-proof surfaces 52 and 52X. However, as shown 
in Figs. 25(A) to 25(E), the same effect as the above embodiment 
can be obtained also if forming one or plural recessed and 
projected parts (having at least one higher part 52) in various 
shapes such as a quadrilateral form 78A, a trapezoidal form 78B, 
a triangular form 78C, a pentagonal form 78D, a semielliptical 
form 78E, etc., in place of that. 

(7-7) In the aforementioned embodiment, it has dealt with the 
case where the slip-proof surfaces 52 and 52X are concentrically 
formed around the bolt holes 21 and 21X. However, in place of 
this, they may be formed at positions other than the bolt boles 
21 and 21X or positions which are not concentrical with the bolt 
holes 21 and 21X. 
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[2] Second Embodiment 

(1) Strut Reinforcing Member 

Fig. 26 in which the same reference numerals are added to 
corresponding parts in Fig. 1 shows a steel-frame structure 1 in 
which the quake-proof ability is further improved. In each frame 
structure part 4 of the steel -frame structure 1, two pieces of 
strut reinforcing members 80 are fixed to between the opposite 
corners . 

Referring to Fig. 26, in the steel -frame structure 1, 
plural vertical steel members 3 are fixed at prescribed intervals 
to between a pair of cross beam stfeel members 2A and 2B that are 
mutually in parallel, and the both ends of the vertical steel 
member 3 is fixed to the cross beam steel members 2A and 2B. 
Plural frame structure parts 4 are sequentially formed in array 
in the direction extending the cross beam steel members 2A and 2B. 

In the strut reinforcing members 80, the both ends of 
tension members 81 being sticks of steel members are connected to 
the opposite corners of the frame structure part 4 via brace 
members 82 . 

As shown in Figs. 27 and 28, the brace member 82 has a 
structure joined in one body by clamping with a bolt 85 and a nut 
86 in the state where a discal joined part 83A formed at the end 
of a brace plate 83 is overlapped on a brace sheet 84. 

As shown in Fig. 29, on the surface that is contacted to 
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the brace plate 83 of the brace sheet 84, a slip-proof surface 
84B which has concentrical recessed and projected parts has been 
formed around a bolt hole 84A. 

On the other hand, as shown in Fig. 30, on the surface that 
is contacted to the brace sheet 84 of the discal joined part 83A 
of the brace plate 83, a slip-proof surf ace 83C which has 
concentrical recessed and projected parts has been formed around 
a bolt hole 83B. As shown in Fig. 31, when the discal joined 
part 83A is overlapped on the brace sheet 84, they can be joined 
in the state where the recessed and projected surface of the 
slip-proof surface 84B on the brace sheet 84 is just fitted to 
the recessed and projected surface of the slip-proof surface 83C 
on the discal joined part 83A. 

In case of this embodiment, the slip-proof surface 84B on 
the brace sheet 84 and the slip-proof surface 83C on the brace 
Plate 83 will be respectively formed by form rolling processing 
with rolling tools TOl and T02 shown in Figs. 32(A) and 32(B). 

As shown in Fig. 32(A), the rolling tool TOl which has been 
located to the brace sheet 84 so that a revolving center shaft 
POl passes through the center point of the bolt hole 84A in the 
brace sheet 84, makes form rolling while pressing a pair of 
rolling dies 87L and 87R against the brace sheet 24 with a large 
load centering the revolving center shaft POl . 

As shown in Fig. 34(A), at the top end, the rolling dies 
87L and 87R have a rolling edge 90 which has one ring higher part 
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89A and two ring groove parts 89B at both sides of 89A on a 
conical incline 88. The rolling dies 87L and 87R are held by die 
holders (not shown) so that their revolving center shafts P02L 
and P02R are symmetrically located to the revolving center shaft 
POl at a predetermined angle. So that the higher part 89A and 
the groove parts 89B can be pressed in the state where the 
conical incline 88 is extended so as to be just along the surface 
of the brace sheet 84 . 

Thereby, if the rolling tool TOl is revolved centering the 
revolving center shaft POl, the rolling edges 90 of the rolling 
dies 87L and 87R make form rolling as biting the periphery of the 
bolt hole 84A in the brace sheet 84; recessed and projected parts 
which have almost the same shape as the surface of their higher 
part 89A and the groove parts 89B are formed around the bolt hole 
84A. 

Thus, as shown in Figs. 32(B) and 32(C), the slip-proof 
surface 84B on which a groove 91A corresponding to the higher 
part 89A of the rolling edge 90 and higher parts 91B 
corresponding to the groove parts 89B of the rolling edge 90 are 
concentrically formed is formed around the bolt hole 84A. 

Referring to Figs. 33(A) to 33(C) and 34(B) that correspond 
to Figs. 32(A) to 32(C) and 34(A), as shown by adding an 
additional letter "X" to the reference numerals of corresponding 
parts, the brace plate 83 will be subjected to form rolling 
processing by the rolling tool T02 similarly to the processing on 
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the brace sheet 84 except that rolling edges 90X in rolling dies 
87LX and 87RX are different from 90 in shape. 

As shown in Fig, 34(B), in corresponding relationship to 
the rolling edges 90 of the rolling dies 87L and 87R to process 
the brace sheet 84, the rolling edges 90X of the rolling dies 
87LX and 87RX have one recessed part 89BX having a shape 
corresponding to the one projected part 89A of the rolling edge 
90, and also two higher parts 89AX having a shape corresponding 
to the two recessed parts 89B on its both sides. 

Thereby, as shown in Fig. 33(A), when form rolling 
processing is performed on the brace plate 83 with the rolling 
dies 87LX and 87RX, as shown in Figs. 33(B) and 33(C), a slip- 
proof surface 83C which is concentrical recessed and projected 
parts having grooves 91AX at the same concentric position as 
higher parts 91B on the brace sheet 84 and also has a higher part 
91BX at the same concentric position as a groove 91A on the brace 
sheet 84 is formed around the bolt hole 83B in the brace plate 83 
centering the bolt hole 83B. 

Since the recessed and projected parts thus formed around 
the bolt holes 84A and 83B in the brace sheet 84 and the brace 
plate 83 are at the concentric position and have the shape that 
the higher parts are mutually fitted to the grooves, as shown in 
Fig. 35, in the state where the brace sheet 84 is overlapped on 
the brace plate 83, if a nut 86 is clamped to a bolt 85 passing 
through the bolt holes 84A and 83B, the slip-proof surface 84B on 
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the brace sheet 84 and the slip-proof surface 83C on the brace 
plate 83 are mutually joined by the in-raw system. 

As shown in Fig. 35, on the inside surfaces of the bolt 85 
and the nut 86 to be used as clamping members, hollow parts 85A 
and 86A are formed at the inside parts that correspond the slip- 
proof surfaces 84B and 83C. 

Furthermore, a contact part to the brace sheet 84 or the 
brace plate 83 to be clamped in the head 85B of the bolt 85 , is 
spread the outside, and also the peripheral edge has a circular 
collar part 85C. 

Similarly, the nut 86 has a collar part 86B which is spread 
the outside and has a circular peripheral 'edge, on the inside 
surface contacting to the brace sheet 84 or the brace plate 83 to 
be clamped. Thereby, when the brace sheet 84 and the brace plate 
83 are clamped by the head 85B of the bolt 85 and the nut 86, in 
the state where collar parts 85C and 86B are contacted to the 
brace sheet 84 and the brace plate 83 to be clamped, the hollow 
part 85A of the head 85B and hollow part 86A of the nut 86 are 
not contacted to the subject of clamping; the nut 86 can be 
further clamped to the bolt 85. 

If the nut 86 is clamped to the bolt 85 in this manner, the 
collar parts 85C and 86B press the brace sheet: 84 and the brace 
plate 83 at the outside position, so that the brace sheet 84 and 
the brace plate 83 can be clamped without deforming by the above 
bolt 85 and nut 86. 
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In this connection, as shown in Fig. 36, in the case where 
clamping members which do not have the hollow parts 86A and 85A 
are applied as the bolt 85 and the nut 86, in the brace sheet 84 
and the brace plate 83, there is a fear that a peripheral part 
clamped by the bolt 85 and the nut 86 is deformed outside and 
gaps 95 are generated between the brace sheet 84 and the brace 
plate 83 and a waterdrop comes in and getting rusty. However, 
such fear can be prevented by applying the structure of Fig. 35. 

According to the above configuration, when the strut 
reinforcing members 80 are fixed to the steel -frame structure 1 
(Fig. 26) , in each frame structure part 4 of the steel-frame 
structure 1, fixing sides 84C and 84D on the outside of the brace 
sheet 84 (Figs. 27 and 29) are welded to the four corners, and 
then the brace plates 83 welded to the both ends of the tension 
member 81 (Figs. 27 and 30) are clamped by the nuts 86 by passing 
through the bolt 85 in the state where its bolt hole 83B is 
located to the bolt hole 84A on the brace sheet 84, 

At this time, the slip-proof surface 83C on the brace plate 
83 is concentrically overlapped on the slip-proof surface 84B on 
the brace sheet 84 and they are clamped. Thereby, they are fixed 
so that the slip-proof surface 83C is fitted to the slip-proof 
surface 84B by the in-raw system in engaging (Fig. 28) . 

Practically, when in fixing the strut reinforcing members 
80 to the frame structure part 4 in this manner, a length 
adjusting member 96 (Fig. 26) inserted in the tension member 81 
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(for example, split frame type or pipe type turnbuckle will be 
applied to) is turned to adjust the length of the tension members 
81 screwed in its both ends. Thereby, the tension members 81 
holds a tense state where the four corners of the frame structure 
part 4 are stretched inward in its longitudinal direction and 
reinforcing the strut reinforcing members 80. 

According to the above configuration, in the state where 
the strut reinforcing members 80 have been fixed to the frame 
structure part 4, if an earthquake occurs and cross beam steel 
members 2A and 2B and vertical steel members 3 is about to do 
vibrating motion such as distort, the tension members 81 are 
strained in the extended direction as shown by arrows "g" in Fig. 
28. 

At this time, since the brace plate 83 has been joined to 
the brace sheet 84 by the bolt 85 and the slip-proof surface 83A 
formed around the bolt hole 83B, if the tensile directions "g" 
are shifted, it turns in the direction along the concentrical 
recessed and projected parts being the slip-proof surface so as 
to suit the force in that direction. And at the same time, the 
brace sheet 84 and the brace plate 83 are held not to mutually 
slip to the tensile force by bite of the slip-proof surface 84B 
on the brace sheet 84 and the slip-proof surface 83C on the brace 
plate 83. - 

Here, since the recessed and projected parts of the slip- 
proof surfaces 84B and 83C are engaged so as to be mutually 
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fitted by the in-raw system, even if a momentary tensile force 
applied from the tension members 81 becomes considerably large, 
the brace members 82 display holding power bearable this. 

In this connection, since the slip-proof surface 84B on the 
brace sheet 84 and the slip-proof surface 83C on the brace plate 
83 have subjected to the form rolling by the rolling dies 87L, 
87R, 87LX and 87RX and having the higher parts 91B and 91BX and 
the grooves 91A and 91AX concentrically ranged around the bolt 
holes (Figs. 32 and 33), the above higher parts 91B and 91BX and 
grooves 91A and 91AX have large intensity obtained by plastic 
working. Thereby, large holding power which prevents a slip 
between the brace sheet 84 and the brace plate 83 can be obtained 
depending on the intensity of the above higher parts 91B and 91BX 
and grooves 91A and 91AX. 

To obtain such large holding power, as shown in Figs. 27 
and 30, as the shape of the joined part on the brace plate 83, 
the discal joined part 83A which spreads around the bolt hole 83B 
centering this in a circle comparatively long has been provided. 
Thus, the length from the bolt hole 83B to the outer 
circumferential edge of the discal joined part 83A can be 
extended. So that even if a load from the tension members 81 
becomes large, a fear that the brace plate 83 is cracked can be 
effectively prevented. 

Besides, since the brace sheet 84 and the brace plate 83 
are clamped using the bolt 85 and the nut 86 that have the hollow 
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parts 85A and 86A inside the collar parts 85C and 86B as clamping 
members, the brace sheet 84 and the brace plate 83 can be joined 
without deforming. 

Figs. 37, 38(A) and 38(B) show the results of joint 
strength tests . 

In this joint strength tests, as shown in Figs. 38(A) and 
38 (B) , in the state where the ends of plate sample steel members 
Tl and T2 are mutually contacted, a bolt Bl is passed through 
bolt holes HI and H2 drilled in the above ends and clamped to a 
nut B2. Then, a load is applied on the sample steel members Tl 
and T2 in directions shown by arrows hi and h2 . And a joint 
strength between the sample steel members Tl and T2 , obtained by 
clamping the bolt Bl to the nut B2, was measured. 

Referring to Fig. 37, in the samples of sample numbers 3 
and 4, the sample steel members Tl and T2 are joined by clamping 
a piece of high power bolt having M22 of a bolt diameter (the 
diameter is 22 [mm]) (bolt using heated special steel) by a 
clamping torque 5600. 

At this time, on the joined surface of the sample steel 
members Tl and T2 , the concentrical slip-proof surfaces 84B and 
83C described above with reference to Figs. 32(A) to 32(C) and 
33(A) to 33(C) have been formed by form rolling respectively. 
These were joined so that the above slip-proof surfaces 84B and 
83C were fitted by the in-raw system. 

At this time, a limited load to occur a slip, i.e., the 

51 



joint strength was 172.0 [kN] and 207.5 [kN] . 

Sample numbers 1 and 2 are slip tests about sample steel 
members Tl and T2 that do not have the slip-proof surfaces 84B 
and 83C. The joint strength at this time was 35.5 [kN] and 39.0 

[kN]. 

In this manner, it could be confirmed that in the case 
where the slip-proof surfaces 84B and 83C are formed by form 
rolling as the Sample numbers 3 and 4 , remarkably large slip 
yield strength that is 5.09 times in a mean value can be obtained 
comparing with the case where the slip-proof surfaces 84B and 83C 
are not formed as the sample numbers 1 and 2. 

Then, in sample numbers 5 and 6, when the sample steel 
members Tl and T2 were clamped with a medium bolt (bolt using 
unheated steel) as a clamping member by a clamping torque 4800, 
168.0 [kN] and 208.0 [kN] of joint strength could be obtained. 

In this manner, it could be confirmed that even in the case 
where a medium bolt not using special steel is used as a bolt, 
5.04 times of joint strength in a mean value can be obtained 
comparing with the case where the slip-proof surfaces 84B and 83C 
have not been formed. 

In the samples of sample numbers 9 and 10 in Fig. 37, a 
joint strength in the case where the high power bolt of which the 
bolt diameter is M16 (16 [mm]) smaller than M22 was used and the 
slip-proof surface 84B on the sample steel member Tl and the 
slip-proof surface 83C on the sample steel member T2 were clamped 
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by a clamping torque 3000 was 180.0 [kN] and 177.1 [kN] . 

In the samples of sample numbers 11 and 12, a joint 
strength in the case where the sample steel members Tl and T2 
were clamped by a clamping torque 1550 using a medium bolt was 
157.0 [kN] and 134.2 [kN] . 

In this manner, even if the bolt diameter was changed from 
22 [mm] to a narrow 16 [mm] and the bolt was changed from the 
high power bolt to a medium bolt, 2.90 times of joint strength 
was obtained in a mean value comparing with the cases of the 
sample numbers 1 and 2 . 

On the other hand, in the samples of sample numbers 7 and 8, 
when the sample steel members Tl and T2 not having the slip-proof 
surfaces 84B and 83C on the joined surface are clamped with two 
pieces of high power bolts by a clamping torque 5600 and 
subjected to a joint strength test, a joint strength was 65.2 
[kN] and 79.4 [kN] . 

In this manner, it could be confirmed that in the case 
where the sample steel members Tl and T2 not having the slip- 
proof surfaces 84B and 83C are joined with two pieces of bolts, a 
joint strength becomes almost twice comparing with the case of 
using a piece of bolt (sample numbers 1 and 2), however, even in 
the case where it is compared with the case of two pieces bolts 
(sample numbers 7 and 8) , the case where these have the slip- 
proof surfaces 84B and 83C (sample numbers 3 and 4, 5, 6, 9 and 
10, and 11 and 12) is 2.01 to 2.62 times larger in joint strength. 
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(2) Other Embodiments 

(2-1) In the aforementioned embodiment, it has dealt with the 
case where the hollow parts 85A and 86A are provided inside the 
collar part 85C of the bolt 85 and the collar part 86B of the nut 
86 as clamping means, as shown in Fig. 35. However', the present 
invention is not only limited to this but also as clamping means, 
other means such as a bolt, nut, rivet or the like that do not 
have the hollow parts 85A and 86A may be used. 

Also in this manner, joining effect that can be obtained by 
fitting the slip-proof surfaces 84B and 83C by the in-raw system 
can be obtained. 

(2-2) Moreover, in the aforementioned embodiment, as shown in Fig. 
30, the brace plate 83 which has the discal joined part 83A at 
the end is applied. However, various forms other than disc can 
be used as its shape. 

(2-3) In the aforementioned embodiment, it has dealt with the 
case where the brace sheet 84 and the brace plate 83 are form- 
rolled by the pairs of rolling dies 87L and 87R and 87LX and 87RX, 
as described above with reference to Figs. 32(A) to 32(C) and 
33(A) to 33(C). However, rolling tools are not only limited to 
this but also various configuration can be applied. In short, 
rolling tools which can form the slip-proof surfaces 84B and 83C 
having concentrical recessed and projected parts may be applied. 
(2-4) In the aforementioned embodiment, also if using a brace 
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sheet 84 and a brace plate 83 that have the slip-proof surfaces 
84B and 83C, on which the surface has subjected to rust 
eliminating processing or plating treatment, similar effect to 
the aforementioned embodiment can be obtained . 

(2-5) In the case of Figs. 29 and 30, it has dealt with the case 
where the slip-proof surfaces 84B and 83C are formed around the 
one bolt hole 84 A or 83B as the brace sheet 84 and the brace 
plate 83. However, instead of this, as shown in Figs. 39 to 41, 
one or plural (in this case, two) bolt holes 84E and 84F and 83D 
and 83F may be provided on the slip-proof surfaces 84B and 83C, 
and the brace sheet 84 and the brace plate 83 may be joined by 
two pieces of bolts 86 that pass through these two bolt holes 
respectively . 

Thereby, since the slip-proof surfaces 84B and 83C are 
engaged so as to mutually fitted by the in-raw system, large 
joint strength can be obtained, besides, as a clamping bolt, a 
bolt having a smaller diameter than the case of Figs. 29 and 30 

(thus, it can be get at a moderate price.) can be used. 

(2-6) Instead of the embodiment of Figs. 39 to 41, as shown iri 
Figs. 42 and 43, as bolt holes 83G and 83H in one of the brace 
sheets 84 and 83, e.g., the brace plate 83, holes which are 
extended in arcs in the direction along the circumference of the 
concentrical recessed and projected parts may be applied. In 
this manner, the brace sheet 84 and the brace plate 83 can be 
joined by the joint strength of the slip-proof surfaces 84B and 
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83C. 

In this connection, since the two pieces of bolts function 
to hold the state where the slip-proof surface 84B on the brace 
sheet 84 and the slip-proof surface 83C on the brace plate 83 are 
joined by engaging so as to fit by the in-raw system, they are 
unnecessary to be joined by contacting to the bolt holes. 

Then, as shown in Fig. 43, if the bolt holes 83G and 83H in 
one of the brace sheets 84 and 83, e.g., the brace plate 83, are 
formed in arcs, as 'described above with reference to Figs. 3 and 
4, even if a tensile direction D2 to the tension member 81 was 
deviated from an array direction Dl of the bolt holes on the 
brace plate 84, the discal joined part 83A on the brace plate 83 
can be turned in the circumference direction along the recessed 
and projected parts of the slip-proof surface 83C; and thus, the 
joined state, engaged by the in-raw system, can be stably kept 
without occurring an abnormality. Therefore, strut reinforcing 
members 80 can be further easily attached to a frame structure 
part 4 . 

(2-7) Fig. 44 shows further embodiment. A brace sheet 84 in this 
case has a slip-proof surface 84B around a bolt hole 84A on both 
sides . 

On one hand, the slip-proof surface 84B on the brace sheet 
84 on the brace plate 83 side is fitted to the slip-proof surface 
83C formed on the brace plate 83 by the in-raw system. On the 
other hand, the slip-proof surface 84B on the brace sheet 84 on 
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the opposite side to the brace plate 83 is fitted to a slip-proof 
surface 98 formed on the surface of a washer 97 on the brace 
sheet 84 side by the in-raw system. 

Therefore, the brace sheet 84 and the brace plate 83 can be 
joined via the washer 97 in the state where the slip-proof 
surfaces 84B and 83C are engaged by the in-raw system, by 
clamping a nut 86 to a bolt 85. 

According to the embodiment of Fig. 44, since the slip- 
proof surfaces 84B are formed on the both sides of the brace 
sheet 84, the brace plate 83 can be joined to the either surface 
of the brace sheet 84. Thus, when the strut reinforcing member 
80 is attached to the frame structure part 4 of the steel -frame 
structure 1 (Fig. 26), it can be further easily attached. 

By the way, if the brace sheet of Fig. 42 is used when 
brace members 82 are fixed by welding to the four corners of the 
frame structure part 4, it can be welded to each position of the 
four corners without paying attention to the face of the brace 
sheet 84. As a result, even if which side of the brace sheet 84 
is on the brace plate 83 side, the slip-proof surface 84 formed 
on the surface on the above brace plate 83 side can be fitted to 
the slip-proof surface 83C formed on the surface on the above 
brace plate 83 side. Thus, the fixing work can be further easily 
simplified. 

Industrial Applicability 
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The present invention is applicable to a steel member or a 
reinforcing member to form a steel -frame structure such as a 
structure, bridge/ etc. 
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